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1 Introduction

Ah-Scout is a dynamic route guidance system
with an In-Vehicle Unit (IVU) that receives routing
information from a Traffic Operations Center when
passing infixed communication beacons installed at
strategic intersections.

Aspart of theFAST-TRAC evaluation, The Univer-
gty of Michigan Transportation Planning and Evalu-
ation Group (UM TPEG) simulated traffic in order
to assess the impacts of Ah-Scout as the system
scales up to higher levels of market penetration. Ulti-
mately, the UM will apply traffic smulation to deter-
mine the combined impacts of Ali-Scout and
SCATS (Sydney Coordinated and Adaptive Traffic
System) on traffic in the Oakland County deploy-
ment area.

In this document, we present and discuss the results
of the evaluation of Ah-Scout using traffic modeling
and simulation under avariety of scenarios. Section
2 describes the functional elements of the Ah-Scout
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system. Section 3 gives an overview of the smula-
tion model. Section 4 includes a description of the
simulation scope and the main simulation modules
developed to represent the Ali-Scout router and
guidance components. Section 5 describes the back-
ground traffic model used in simulation. In Section
6, we present and discuss the results of the Ah-Scout
simulation runs. Section 7 concludes the report by
summarizing the major results and providing
insights as to the potential benefits of such a route
guidance system

The simulation findings illustrate the effect of the
level of market penetration on the individual and
system performance. It appears that the benefits of
Ah-Scout are signiticant only when the level of mar-
ket penetration is below a certain level. Moreover,
results show that the use of historical and real-time
information as well as the density of beacon cover-
age play amagjor rolein the effectiveness of thissys-
tem.
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2. Ali-Scout Operations

2.1 Ali-Scout Infrastructure and
Network

The infrastructure of the Ali-Scout route guid-
ance system consists of a Traffic Operations Center
(TOC) with a complete set of global information
(including roadway network and travel times data-
bases) and a number of roadside substations, called
beacons. One of the functions of the TOC is to com-
pute Route Guidance Information (RGI) for travel-
ing from each beacon location towards various
destination zones, based on current traffic conditions
and historical travel times. The TOC also transmits
individual guidance information to each beacon.

Since many vehicles pass one beacon at the same
time, it is not possible to transmit all the information
by dialog between beacons and vehicles. Instead, a
beacon transmits to all passing vehicles the total

information for all possible destinations, as broad-
cast data. Each vehicle, knowing its own destination,
extracts the appropriate RGI out of the complete data
set. One major principle of Ali-Scout is that, for each
destination, the TOC transmits to each beacon only
the RGI that a passing vehicle will need until it
reaches the next beacon. This reduces the amount of
data received by the vehicle, and more importantly, it
allows the vehicle to receive updated guidance infor-
mation every time it passes a new beacon.

For purposes of data handling efficiency, the Ali-
Scout deployed region, called total region , is subdi-
vided by topological aspects into small contiguous
destination zones . The minimal size of these zones
is approximately 120 yard square. Each destination
zone has one or more departure points around its
boundary lines. These departure points are desig-
nated entry points to the destination zones. Figure 2-
1 shows a hypothetical example of a traffic network
subdivided into destination zones.
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Figure 2-1: Example of Network with Ali-Scout Destination Zones
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2.2 Destination Handling and Routing

The TOC periodically performsthe route gener-
ation. It calculates the “best” routes based on specific
criteria (typically the fastest), from each beacon exit
to al destination zones among those that pass
through a zone departure point. This route calcula-
tion is based on Loubal agorithm and an anticipa
tory (i.e., lookahead) travel time database with 8
time dices into the future (5minute duration per
dice). Subsequently, the TOC computes, for each
beacon, the so-called beacon region and the outer
region . The beacon region is the region that includes
all destination zones directly reached by complete
routes, with passing at most one beacon [4]. The
outer region contains all destination zones not
included in the beacon region. By definition, avehi-
cle passing a beacon and having a destination in the
outer region is guided until the next beacon (incom-
plete route) [4]. By definition, the outer regions are
different for each exit of the current beacon, and
therefore, they are computed for each exit by the
TOC. After the outer region is defined, for a given
beacon, all destination zones belonging to the outer

region and having the same incomplete route are col-
lapsed into one areg, referred to as the destination
area.

Figure 2-2 presents an example of Ah-Scout net-

work. The destination zones are delimited by dashed
lines, whereas the boundaries of the destination areas
are represented by solid lines. The figure shows three
routes from the current beacon, B, , to the destination

zones Z,, Z, and Z respectively. B, isthe first

beacon encountered by al vehicles driving along
these routes. Hence all three zones should belong to
the same destination area. This aggregation scheme
is not an essentid element in the routing function. Its
only purpose isto reduce the amount of information
(by eliminating redundancy) transmitted to the bea-
cons, and subsequently to vehicles. It is important,
however, to represent it in the smulation model

since it provides an efficient data storage. It reduces
the size of the routing tables which can be numerous
under dynamic route guidance.

When the route computation (coded as vectors) is
completed, the TOC transmits to each beacon the
compl ete routes to the destination zones of the bea-
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Figure 2-2: Example of AK-Scout Network
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con region as well as the incomplete routes to the
destination areas of the outer region. Once all bea-
cons are downloaded, they begin using the live data
simultaneoudly (i.e., transmitting RGI to passing
vehicles). The RGI is periodically updated and
downloaded to the beacons, with a cycle time of 5
minutes. This update is performed based on real-
time link travel times transmitted from probe vehi-
cles to beacons, then from beacons to the TOC. Typ-
ically, the beacons transmit such data to the TOC
every minute. Transfers are done more frequently if
the beacon memory fills up with vehicle telegrams.
The operations of route calculation, zone aggrega
tion, and data transfer between the TOC, beacons
and vehicles am illustrated in Figure 4- 1.

The route computation is based on travel times
between each beacon and the primary intersection
that is nearest the geographic center of each destina-
tion zone. However, the routes transmitted to the
beacons are cut back to a zone departure point.

It is important to note that the RGI transmitted to the
beacons could include routes that extend to two bea-
cons away, which is possible only when the amount
of data does not exceed 64 K. Thisis advantageous
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especialy when the first beacon passed breaks
down. In this case, the vehicle does not lose guid-
ance.

To summarize a vehicle's typica experience with the
Ah-Scout system, the following sequence of events
is described. Starting from an origin point, avehicle
is given an as-the-crow-flies guidance (also called
autonomous mode) towards its destination until it
crosses a beacon routing. When it passes by a bea
con, it receives RGI to the next beacon on the recom-
mended route or to a departure point (if no beacon is
on the recommended route) for all destination zones
and destination areas.

The vehicle then extracts the RGI it needs out of the
complete data set. Thisis performed asfollows. The
IVU calculates the destination coordinates with
respect to the beacon coordinates, assigns the
selected travel destination to a specific destination
zone or destination area and selects the appropriate
route. When a vehicle reaches a departure point,
after passing the last beacon on the recommended
route, it switches to the autonomous mode
towards its destination point.
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3. Overview of the
Simulation Model

The University of Michigan is using a network
simulation model to represent and analyze the Ali-
Scout system. The main characteristics of this model
isthat it abstracts away much of the link and inter-
section detail, as well as the inter-vehicle dynamics
on-links and at intersections, in favor of capturing the
global network dynamics of traffic responding to
changes in demand, interacting with an integrated
freeway/traffic signal network.

This simulation model has the following capabilities,
which are particularly important for evaluating a
route guidance system such as Ah-Scout:

* Ability to define a range of smultaneous routing
strategies for vehicles entering the network (e.g.,
Ah-Scout router and background router),

* periodic update of routing matrices,
» Traffic control and route guidance interaction,
* modeling peak period congestion effects,

* incident modeling (as temporary link speed
reduction or lane blockage), and

* individua vehicle tracking.

The model uses impedance functions and queues to
move vehicles on the links. Due to the different char-
acteristics of traffic flow that need to be modeled on
freeways and at traffic signals, it andyzes traffic flow
in terms of vehicles asindividual entities. Thi s
approach permits atraffic flow representation com-
mon to both freeways and urban streets. Further-
more, it permits a continuous dynamic queuing-
based traffic assignment. The common traffic flow
representation is critical to modeling all network
componentsin a consistent and compatible fashion,
whilethe queuing-based dynamic traffic assignment
technique is essential to dealing with diversion and
re-routing of traffic during congestion and in
response to any incidents.

The consideration of individual vehicles is primarily
for purposes of improving the analysis resolution
during the internal calculations, and does not neces-
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sarily require the user to collect or input data at the
individual vehiclelevel. Instead, trefficflow charac-
teristics and traffic demands can be specified by the
user a an aggregate level (e.g., departure rates
instead of exact specification of vehicles depar-
tures), leaving it to the model routines to derive the
measures related to individua vehicles.

The smulation emphasizes the time-dependent rout-
ing of individual vehiclesthrough the Detroit Metro
area. It assigns vehicles to routes connecting pre-
assigned origin-destination pairsin accordance with
adeparture rate and a specified routing strategy. As
time passes, vehicles enter the network at their ori-
gin, travel a specified path, and terminate the trip
when the destination is reached. Vehicles enter-the
network over time as specified by the departure rate
distribution. The progressto the destination isinflu-
enced by a variety of factors including link capaci-
ties, congestion levels, traffic signals, and incidents.
Asin aredl road network, avehicleis slowed down
by congestion that is caused by other vehicles on the
network This congestion could take the form of link
impedances and/or various forms of queueing.

There are severa reasons for using a route-based
network simulation for evaluating Ah-Scout. First,
this type of simulation enables the evaluation of
large numbers of vehicles using various routing
gdtrategies. In this case one of the routing strategies is
an accurate representation of Ah-Scout. The perfor-
mance of thousands of Ah-Scout vehicles can be
compared with thousands of vehicles using other
routing approaches. Small adjustments to parame-
ters and other factors can be made at relatively little
cost, and no risk to the vehicles or drivers. Second,
the computational efficiency of the event-based pro-
gram structure, and the simple queueing-based traf-
fic representation, enables a sufficiently large
network to be modeled for analysis of guidance and
re-routing over realistic commute distances. Third,
the simulation provides the mechanism for analyz-
ing the interaction between traffic control and route
guidance. The co-location of Ah-Scout and SCATS
is planned for the next phase of the analysis.
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4. Ali-Scout Simulation

4.1 Definitions of Simulation
Components

Since the focus of the simulation is the Ali-Scout
system, this section presents a detailed description of
all the simulation modules and algorithms related to
Ali-Scout. There are four main components of the
simulator that can be deduced from the description
of the Ali-Scout operations (as illustrated in figure 4-
1).

Network Configuration: This can be viewed as the
static database which contains the links and nodes
description, the destination zone boundaries and
beacon locations.

Travel Times Database: This database contains two
types of data: (1) Real-time link travel times and, (2)
time series of historical travel times. The first are
generated and updated based on probe reports, link

ot

surveillance, and possibly other sources (e.g.,
SCATS database). The second provides expected
future link travel times during various time periods.

Trip Data: One important component of the simula-
tor, that is not an element of the Ali-Scout system per
se, is the Origin-Destination (O-D) trip data that are
used to load the network with vehicles driving from/
to specific O-D zones.

Router and Destination Lookup: The router's major
component is the fastest route algorithm that takes its
input data from both the static and the dynamic data-
bases and produces fastest routes between each bea-
con-destination zone pair. The destination lookup
function is activated whenever a vehicle passes a
beacon. The vehicle destination coordinates is
matched with the appropriate destination area
among those transferred from the beacon to the vehi-
cle, and the appropriate RGI is selected.

The following four sections discuss and describe the
above simulator components in detail.

e o e s e e e} HEY 2oL $IOR

- Database [T ],

—_— Beéci;;ls
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Network
Database |
Network

Configuration

~ 5 minutes

Figure 4 -1: Ali-Scout Route Guidance System
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4.2 Network Configuration

4.3.1 Real-Time Travel Times

The network currently used in the simulation
spans three counties in southeastern Michigan: Oak-
land, Wayne and Macomb. This network is based on
the Navigation Technologies database (NavTech,
dated 4/1/95). The roadways defining the network,
as shown on figure 4-2, were extracted form the
NavTech database according to link classes. The fol-
lowing link classes, the first 6 out of the 17 provided
by NavTech, are considered:

1. Highways with fully controlled and limited
access

Highways with partially controlled access
Arterial streets or throughways

Few local, residential or rural roads

Few Frontage roads

Ramps

Sk we

b
N

e

ny

TTINAY

Figure 4-2: Roadway Network for Southeastern
Michigan

4.3 Travel Time Database

The link travel times represent the attributes
which are used to compute the paths, linking origins
and destinations, on which guided and unguided
vehicles are routed. Depending on the vehicle type
and the type of guidance considered, static, real-time
or historical travel times are selected as sources of
data.

Report On Ali-scout Simulation Runs At Various Levels Of Market Penetration
FAST-TRAC - Phase IIB

These data represent the basic travel times avail-
able for each link of the network. If surveillance is
available, then they reflect the link travel times actu-
ally experienced by vehicles traversing the network.
If no surveillance is available, then these travel times
are simply equal to the free-flow travel times.

The mode of surveillance considered in the simula-
tion model represents vehicles that have the ability to
transmit information to the TOC, through the bea-
cons located at intersections. Specifically, this capa-
bility is restricted to probe vehicles (Ali-Scout
equipped vehicles) which transmit their experienced
travel times to roadside beacons upon exiting a link.

The real-time travel times are maintained by com-
puting for each link, the exponentially smoothed
average link travel time of all vehicles that are
known to have traversed (i.e., probes). Each time a
probe departs a link, the travel time for that link (and
all previously traversed links, starting from the previ-
ously encountered beacon) is updated using Equa-
tion 4-1].

F=an+(1-o) [4-1]
where:

¢ %  =average link travel time incorporating
the travel time experienced by the
current vehicle (seconds)

o =smoothing factor ( is currently used)

t = time required by current vehicle to
traverse entire link (seconds)

t = previous average value of link travel

time (seconds)

4.3.2 Historical Travel Times

This type of data consists of a time series of link
travel times, which represent expected network con-
ditions during various future time periods of the sim-
ulation. The duration of these time periods is 5
minutes, conforming to the specifications presented
in Section 2-2. When an Ali-Scout equipped vehicle
is routed based on this historical data, not only the
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expected link travel times at the time of its departure
are considered, but also anticipated future travel con-
ditions of the network (associated with future time
periods) are taken into account. This is different
from the real-time routing used in the simulation for
some of the background (i.e., non-equipped) vehi-
cles. For this background routing, future travel times
beyond those specified for the time of departure are
not utilized.

Sinceno historical LTT databaseisreadily available
to smulate Ah-Scout in the dynamic mode, a “smu-
lated” historical database is constructed by running
the smulation iteratively starting with the static
mode. In this static mode, free flow speeds acquired
from NavTech are used to derive link costs (i.e.,
travel times). Furthermore, this historical database is
continuoudy updated as the level of market penetra-
tion increases. This is accomplished by updating the
historical travel time database while running a mar-
ket penetration scenario, then using the resulting
database as input to the next market penetration sce-
nario. For example, a 5% market penetration sce-
nario is run using a historical database that is
updated based on travel experiences of the Ah-Scout
vehicles associated with the 1% market penetration
scenario. The goal behind this procedure isto repre-
sent the continuous database update (i.e., standard
profile) that is performed at the TOC.

4.4 Trip Data

Dynamic trip data occurring among the Ali-
Scout zones are generated based on the 1995 static
data provided by SEMCOG. These data represent
only the trips generated the afternoon peak period
(5:00 PM to 6:00 PM). Since we need to simulate
traffic during the morning peak hours (6:00 AM to
10:00 AM), we use a simple procedure to extrapo-
late the morning O-D demand from the afternoon
tripdata. Fi rst, we estimate the hourly trip distribu-
tion for atypical day. Then, we usethisdistribution,
combined with the available afternoon trip data to
generate the nips for morning peak hours.
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Hourly Trip Distribution: We use the K-factor’

hourly distribution, provided by SEMCOG, as an
estimate of the trip distribution (see figure 4-3). This
distribution is consistent with the genera travel
observed by traffic engineers and used for the pur-
pose of planning and designing new or improved
highways[2].

Dynamic O-D Demand Estimation Given the daily

profile and the number of trips occurring during the
afternoon peak period the total number of trips gen-
erated during the morning peak period is estimated.
Thisis assuming that the morning peak directions
are the opposite of the afternoon peak directions.
Furthermore, as the traffic demand within a peak
period is not necessarily uniform, the entire peak
period is broken down into a series of consecutive
time dices (of 15 minutes), each time dice having its
own separate O-D matrix. The resulting morning
profile, depicted on 4-4, shows that traffic demand
reaches its peak around 8:00 AM. The morning pro-
file is then used to estimate the O-D demand for each
15-minute time slice.

The application of the above procedure resulted
roughly in 750,000 vehicles spread spatially and
temporally according to the morning peak hoursdis-
tribution. It isimportant to note that the O-D matrix
is based on SEMCOGos database and its own defi-
nition of origin/departure zones.

After observing the SEMCOG trip distribution on
the roadway network, it appeared that the FAST-
TRAC area (Oakland County) was not sufficiently
covered for testing and evauating the Ali-Scout
capabilities. In fact, most of the trips cover Wayne
County and particularly, the Detroit area. The major-
ity of vehicles going through the FAST-TRAC area
have short trips, which makes the use of any route
guidance system very limited.

In order to get more redlistic trip data for the Oak-
land County, we supplemented the SEMCOG data
with trips generated based on land use information
and the 1994 Michigan resident population esti-
mates. A land use map of Southeastern Michigan

1 The K-factor is defined as thehighestpercentage
of trips in a single hour
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was used to identify business areas (representing
prospective destination zones) and residential areas
(representing origins). The population estimate as
well as statistics related to vehicle ownership and
dwelling sizes (refer to [2] and [5] for more detail)
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were used to estimate the number of vehicles travel-
ing between each O-D pair during the morning peak
hours. This estimation procedure resulted in about
250,000 additional trips spread over the 4-hour sim-
ulation period. Therefore, the total number of trips
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generated is about 1,000,000. However, since the
total network capacity was already reduced by
excluding many link classes, the total network load
is also reduced to about 70%, which is equivalent to
a total of 700,000 vehicles.

In addition, given that traffic is created by both back-
ground and Ali-Scout vehicles, the generated trips
are split between these two vehicle classes according
to the desired level of market penetration (i.e., per-
centage of Ali-Scout equipped vehicles).

4.5 Router

Two types of routing modes are implemented in
the simulator. The first is the autonomous mode
which is used by the vehicle at the beginning and at
the end of its trip: first, between its origin and the
next beacon encountered, and then between a zone
departure point and the vehicle’s final destination
point. The second type is the beacon-to-beacon guid-
ance mode which consists of providing the vehicle
with a detailed link-to-link and turn-by-turn routing
between two consecutive beacons on the pre-com-
puted fastest route.

Autonomous Mode: Any vehicle entering the auton-
omous mode is routed towards its destination using a
simple odirectionald routing. At the end of each link,
the vehicle is moved to the next link that is the clos-
est in directionality to the straight line joining its cur-
rent position to its goal, regardless of whether or not
that link lies on the fastest path.

Guidance Mode: Each time a vehicle enters a node
(a term more general than infersection since a node
may join two or more links) there are two possible
outcomes: (1) If there is a beacon on the node, the
vehicle receives a new path based on its destination,
and hence moves to the next link on that new path.
(2) If no beacon exists, then it continues moving
along the shortest path previously assigned to it. In
the second case, the vehicle moves on its current
shortest path until it reaches a beacon. This guidance
mode ends when the vehicle reaches a nodes that is
identified as a departure point associated with its
destination zone. The vehicle routing then switches
to the autonomous mode.
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As mentioned earlier, the Ali-Scout routes are com-
puted based on Loubal algorithm. However, the
details about this algorithm were not available to the
University of Michigan simulation group. Therefore,
an alternative lookahead shortest path algorithm was
used in the simulation. It is based on the pioneering
work of Dijkstra [1] and Moore [3], with the added
lookeahead feature. The following is a description of
the algorithm's pseudo-code that generates shortest
paths from a given beacon (labeled as node 1) to all
destination zone centroids (nodes that belong to the
subset D, described below).

Notation

N number of nodes

X ={1,..,N}set of all nodes

D subset of X which contains destination nodes
I': set of successors of node

P index vector updated at step (3). When the algo-
rithm terminates, P(i)is the node index of the prede-
cessor of i on the shortest path from 1 to i

Cii(t) cost of traveling from node i to nodei , leav-
ing node i at time ¢

S subset of X that contains node 1
S=X-5

v(i) alabel of i which is the value of the shortest
pathfrom1toi if je§

Algorithm
(1) Initialization
S =1{2,... N}

, V(l)"-—-"o, V(i)z {Cl.(O) ifi el
o Otherwise

PG)=1, Vie T
(2) Findj € § such that v(j) = min %(7)
Set § «S-1{j}, S« SU{j}

If I§l =( , END; otherwise go to (3)

10



(3) Forall i€ and j € S, set
v(i) & min{v(Q), v(j) +c{v(j)]} @2
P(i) = j, if v(@) = v(j)+ cilv(j)]
goto (2)

The above algorithm actually finds one shortest path
from the start node (beacon location) to each other
node in the network. Since, we are interested only in
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nodes that represent destination zones, a better stop-
ping criteria is when all nodes in the set D are visited

(e, 1S NDI|=0 instead of |S|=()).

The lookahead feature is exhibited in Equation [4-2]
where the travel time from node j to node
i Ci[v(j)] is a function of the time at which a vehi-
cle arrives at node j V( J ) . The algorithm, however,
may be used for calculating shortest paths without
the lookahead feature by simply using constant link
travel times. This would result in substituting Cji for

cilv(j)]-
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5. Modeling Background
Traffic

Background (i.e., unguided) vehicles are gener-
aly driven by commuters familiar with the route
during the peak period. Commuters minimize their
trip time with relatively little navigationa error. Typ-
icaly, these drivers anticipate recurring traffic and
make routing adjustments over time to minimize
their overall travel time. In addition, background
vehicles are slower to respond to incidents and to
recurrent congestion than guided vehicles.

This simulation model uses a combination of route
assignment methods to represent background traffic
during the morning commute. The goa is to achieve
arealistic temporal and spatia distribution of vehi-
cles while representing different types of travel
behavior. Typically, these drivers anticipate recurring
traffic and make routing adjustments over timeto
minimize their overal travel time. In addition, back-
ground vehicles are slower to respond to incidents
and to recurrent congestion than guided vehicles.
Two routing strategies areimplemented to represent
the background traffic: anticipatory-based route
assignment and real-time routing with path
archiving.

Anticipatory-based route assignment: On agiven
day, drivers who are familiar with network condi-
tions should be able to make efficient pre-trip route
choices. Typicaly, these drivers are influenced by
historical perceptions of travel time. Hence, they
anticipate recurring traffic and make routing adjust-
ments over time to minimize their overal trip time.
In thismodel, routes assigned to drivers of thisclass
are computed using alookahead shortest path algo-
rithm. This algorithm uses travel times that reflect
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FAST-TRAC - Phase 1B

FAST-TRAC

current as well as anticipated traffic conditions, and
isapplied iteratively to more closely represent the
way drivers adjust their perception and knowledge
of traffic conditions over time. However, drivers of
this class follow their initia routes until the end of
their trips and are dow in responding to incidents.

Real-time routing with path archiving. This routing
strategy represents the stochastic and complex
nature of agroup of drivers. Thisgroup may include
unfamiliar driverswho stay on their initial path until
they reach their destinations, and those who update
their paths based on perceived current traffic condi-
tions. Paths assigned to these drivers are shortest
paths computed using travel times available at the
time of computation. Periodically (every 20 min-
utes), a new set of pathsis computed, and a random
subset of drivers switches to these new paths. The
remaining drivers stay on their current paths
(referred to as “archived”). Thelink travel timesare
estimated based on the experience of all background
vehicles. These estimates are generated using the
exponential smoothing model defined by Equation
4-1, with a smoothing factor a =0.20 . This model
achieves a redlistic distribution of traffic and captures
some of the dynamics of congested traffic behavior,
a no added computational complexity.

Although two distinct classes of drivers are used to
model the background traffic the following smula-
tion analysis reports only on the overall measures of
effectiveness (i.e., averaged over the drivers of both
classes). These measures of effectiveness are
referred to being related to unguided (or back-
ground) vehicles. Anin-depth study of the behavior
of these two classes is beyond the scope of thiseval-
uation effort.

12
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6. Simulation Resutts

6.1 Scenario Description

The objective of the ssimulation is to perform a
quantitative evaluation of the operational impacts of
the Ah-Scout system on traffic under various levels
of market penetration. Six levels of market penetra-
tion are considered in the simulation: 0%, 1% 5%,
10% 15% and 20%.

The selection of the morning peak hours as the simu-
lation period provides an excellent opportunity to
simulate traffic under the condition of recurrent con-
gestion. In addition to this naturally occurring con-
gestion, incident cases are aso considered. This
provides an opportunity to measure the effectiveness

of the Ah-Scout system under different network con-
ditions, where asignificant delay is caused for many
travelersin the network

The incident case is designed based on data acquired
fromMDOT, related to incidents that have occurred
during 1995 in the Detroit Metro Area. Three inci-
dents are introduced. They are specified by their
location, start time, end time, and the number of
lanes affected. The latter represents the reduction in
capacity of the link on which the incident takes
place. Although these incidents do not necessarily
occur at the same time, they are grouped under a sin-
gle scenario (i.e., one simulation run is needed to
capture their effect). Details about incident specifica
tions are shown on.

Table 6-1: Incident Scenarios

Incident Identification Location Start Time End Time Effective Speed *
Number
1 I-75NB at 7.00AM 7.30 AM 0
Rochester
2 Rochester NB at 8:00AM 8:30 AM /2 S+
Square Lake

3 696 EB at I-75 7:15AM 8:05 AM 213 S¢

* Effective speed is expressed as a fraction of the free flow speed, S

It isimportant to note that we are modeling direct . Static mode,

incident reporting (e.g., cellular phones, police
report) for Ah-Scout. This means that an Ah-Scout
vehicle becomes aware of the incident in at most two
update cycles (i.e., 10 minutes). The background
vehicles, however, respond to incidents with a longer
delay.

The scenarios designed for the smulation study have
another dimension related to the mode under which
the Ah-Scout system is operational. Three modes are
considered:

Report On Ali-Scout Simulation Runs At Various Levels Of Market Penetration
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« Dynamic mode based only on historical data,
and

« Dynamic mode based on a weighted combina
tion of historical and red-time information.

Given that the targeted analyses address three
attributes: (1) market penetration, (2) Ah-Scout rout-
ing mode and (3) network conditions, 32 scenarios
are considered in the simulation, as depicted in fig-
ure 6- 1. These scenarios include the following two
basdine cases. The first represents the 0% market
penetration level without incident, and the second
represents the same level with incidents.
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Figure 6-1: Ali-Scout Simulation Scenarios

6.2 Results and Analysis

The ssimulation model generates a number of
Measures Of Effectiveness(MOESs), which are given
either as aggregate (or averaged) statistics, or as sta-
tistics collected by link, time period, O-D pair, and
vehicletype. Two vehicle types are considered: Ali-
Scout equipped (or guided) vehicles and non-
equipped (or unguided) vehicles.

The following three sections present the MOEs
related to the individual vehicles, the system as a
whole, and selected areas of the network. Each table
shows the result of a particular MOE for a selected
set of scenarios. Some MOEs are displayed in the
form of charts, in order to compare outcomes across
various attributes. To ssimplify the analysis, the
results are summarized and only selected scenarios
are discussed in details. However, the detailed simu-
lation results can be found in the appendix.

6.2.1 Individual Performance

The performance of individual vehicles is
assessed through the average trip time, average dis-
tance traveled, and average speed. The trip time is

Report On Ali-Scout Simulation Runs At Various Levels Of Market Penetration
FAST-TPAC - Phase IIB

defined as the time it takes a vehicle to travel from
theitsorigin to its destination. It includes the link
travel time, the time spent in the queue at the feeder
links (i.e., the links from which vehicles originate)
and the time between exit and entrance of consecu-
tive links. These average trip times and the average
distance traveled are generated by collecting and
averaging the individual MOEs over al vehicles, as
well as over unguided and guided vehicles, sepa-
rately. The average speed isthe ratio of the average
distance over the average trip time.

The results show that the trip time, distance and
speed follow the same general trend. Therefore, the
analysis will focus mainly on the trip time. It is
important to note that using the system-wide MOEs
(i.e., aggregated over all vehicles|loaded on the net-
work and al O-D pairs) only gives ageneral indica-
tion on the performance of the Ali-Scout system
relative to the baseline. Quantifying the potential

benefits, in this case, may not be appropriate given
that (1) the beacon area does not cover the entire
simulation network, and (2) the simulation scenarios
are such that Ah-Scout vehicles may travel between
O-D pairsthat are not inthe FAST-TRAC area. This

14



meansthat many Ah-Scout vehiclestravel under the
autonomous mode long before reaching the beacon
area.

In order to better estimate the benefits of Ah-Scout,
MOEs are a so aggregated over some strategic O-D
pairs. The targeted O-D pairs in this anaysis are
such that the vehicles traveling among them are
more likely to pass through incident areas. Specifi-
cally, the O-D pairs associated with Rochester Road,
[-75 and 1-696 Freeways. Given the strategic loca-
tion of the I-75, the analysis will address the perfor-
mance of vehicles traversing this freeway during
their trips.

6.2.1.1 Aggregate MOEs

Table 6-2 and Table 6-3 summarize the results
for the scenarios without incident and with incidents,
respectively (refer to Table 6-1 for a description of
the incidents and their locations). For each case, the
three Ali-Scout modes are considered: static,
dynamic with historical data, and dynamic with his-
torical and real-time data. Also, six levels of market
penetration are indicated. Each table shows the aver-
age trip time for the unguided vehicles and the Ali-
Scout vehicles, as well as the overall average.

A comparison between the average trip time of the
unguided vehicles and that of the Ah-Scout vehicles
is depicted in Figure 6-2, Figure 6-3 and Figure 6-4
In the static mode (Figure 6-8), Ali-Scout vehicles
are routed based on free-flow speed during their
entiretrip. Although the route computation does not
take into account the prevailing network conditions,
Ah-Scout vehicles exhibit dightly lower trip times
than the unguided vehicles, for some levels of mar-
ket penetration. Thisis probably due to the fact that
the Ah-Scout routes are not heavily congested by the
background traffic. Overall, the performance of the
vehicles asafunction of the market penetration var-
ies only dightly. This is mainly due to the static
nature of the routes used by Ah-Scout vehicles.

Under the historical mode, Ali-Scout vehicles
exhibit shorter trip times than the background vehi-
clesfor all thelevels of market penetration. Thiscan
be easily attributed to the frequent update of the Ali-
Scout routes and to the use of anticipated link travel
times. The increase of effectiveness experienced by
the Ah-Scout vehicles, as the market penetration
level increases from 1% to 10%, is due to the fact
that the historical database is being continuously
updated. This means that any additional Ah-Scout
vehicles, introduced to the network, benefit from the
experience of the existing vehicles. At the level of

Table 6 -2: Average Trip Time (min) in the No-incident Case

Market Penetration 0% 1% 5% 10% 15% 20%
Static

Unguided 28.6 29.1 28.3 29.1 28.6 28.6

Ali-Scout 28.4 27.9 28.5 28.5 28.9

Overall 28.6 29.1 28.3 29.0 28.6 28.6
Historical

Unguided 28.6 28.2 29.2 28.3 28.4 28.9

Ali-Scout 28.0 27.6 27.3 27.5 27.8

Overall 28.6 29.2 29.2 28.2 28.3 28.7
Real-time

Unguided 28.6 29.0 28.3 29.2 28.5 29.0

Ali-Scout 27.4 27.0 27.9 27.5 28.0

Overall 28.6 28.9 28.2 29.1 28.4 28.9
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Table 6-3: Average Trip Time (min) in the Incident Case

FAST-TRAC

Market Penetration 0% 1% 5% 10% 15% l 20%
Static
Unguided 28.9 28.8 28.8 28.7 29.1 28.9
Ali-Scout 28.4 28.0 28.5 28.9 29.4
Overall 28.9 28.8 28.7 28.7 29.1 29
Historical
Unguided 28.9 29.2 28.7 28.4 28.6 28.5
Ali-Scout 28.0 27.2 27.5 27.7 27.4
Overall 28.9 29.2 28.6 28.4 28.5 28.3
Historical & Real-time
Unguided 28.9 28.6 28.8 28.8 28.5 29.1
Ali-Scout 27.2 27.4 27 .4 27.5 28.1
Overall 28.9 28.6 28.7 28.7 28.4 28.9

20%, however, the marginal effectiveness of addi-
tional Ali-Scout coverage slightly decreases. This is
more likely attributed to the larger number of vehi-
cles using the same type of information, hence creat-
ing their own congestion.

The introduction of the Ali-Scout vehicles turns out
to be beneficial to the unguided vehicles as well,
especially at the levels of 10% and 15%. This is
because the more Ali-Scout vehicles are placed on
the anticipatory-based routes, the less congested are

31.

the background routes

. Overall, it seems that the

maximum system-wide benefit is achieved around
10-15% market penetration.

When Ali-Scout is in the real-time mode (Figure 6-
4), the guided vehicles experience about 5%
improvement in trip time over the unguided vehicles,
for all the levels of market penetration. However, the
system performance varies sporadically as the level
of market penetration increases. The reasons behind
this phenomenon are not clear. One possible expla-
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Figure 6-2: Average Trip Time in the No-incident-Static Case
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nation is that no travel time forecasting is used con-
sistent with the anticipatory algorithm. Instead,
current real-time data are projected into the future.
This problem is compounded by the low beacon
coverage in the network.

Overall, the average trip time under the real time
mode tends to increase with increasing levels of
market penetration. At the level of 20% market pene-
tration, the system performance worsens relative to
the baseline case, as observed in the historical case.

From examining the data shown on Table 6-2 and 6-
3, the effect of the incidents on the performance of
both vehicle types is not apparent. This is because
the amount of traffic generated around the incident
areas is insignificant relative to the traffic generated
throughout the entire network. A more accurate
assessment of the incident impact is obtained by
focusing on the vehicles that are more likely to
encounter an incident. This is elaborated in the fol-
lowing section.
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Figure 6-4: Average Trip Time in the No-incident-Real Time Case
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6.1.2.1 sELECTED aREA: i-75 fREEWAY

Examining the results shown on Table 6-4, the
incident seems to cause more delay for the unguided
vehicles than the Ah-Scout vehicles. The delay, mea-
sured as the difference in trip times under incident
and no-incident cases, is aso depicted on Figure 6-5.
Notice that Ah-Scout, in this case, is operating under
the real-time dynamic mode.

The Ah-Scout vehicles experience shorter trip times
than the background vehicles. In the no-incident
case, the maximum benefit for Ah-Scout vehiclesis
attained at the level of 15% market penetration. This
benefit amounts to roughly 35% improvement in trip
time with respect to unguided vehicles.

FAST-TRAC

Observing Configuration 6-5, one can notice the significant

improvement experienced by all vehicles when the
level of market penetration is more than 1%. This
phenomenon shows the importance of probe cover-
age in delivering accurate travel time information.

To assess the impact of the operation mode of Ali-
Scout, Figure 6-6 illustrates the average trip time of
the Ah-Scout vehicles when the system is static,
dynamic with historical information, and dynamic
with a combination of historical and real time infor-
mation. Three important phenomena are illustrated.
First, in the static case, the Ah-Scout vehicles exhibit
a decrease in effectiveness as the level of market
penetration increases. Second, the system performs
better under the dynamic mode than under the static.

Table 6-4: Average Trip Time of Vehicles Traveling on I-75 (Real-Time Mode)

Market Penetration 0% 1% 5% 10% 15% 20%
No-Incident
Unguided 45.1 34.5 32.1 31.8 31.3 32.0
Ali-Scout 32.9 33.3 31.0 29.5 30.3
All 45.1 34.5 32.21 31.71 31.0 31.6
Incident
Unguided 57.2 43.8 39.9 41.7 39.5 40.9
Ali-Scout 42 .7 38.5 35.6 33.5 34.3
Al 57.2 43.8 39.8 41.0 38.6 38.5
Delay
Unguided 12.2 9.3 7.7 9.9 8.2 8.8
Ali-Scout 9.8 5.2 4.6 4.0 4.1

It is apparent that the unguided vehicles also benefit
from the presence of the guided vehicles. Although
their performance is not consistently improving with
increasing levels of market penetration, it is clearly
better relative to the baseline case. For example, in
the incident case, the minimum trip time saving that
the unguided vehicles experience is about 25%. This
time saving is achieved at only 1% level of market
penetration.

Report On Ali-Scout Simulation Runs At Various Levels Of Market Penetration
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Third, in the dynamic mode, the system performs
better when real-time information is introduced.

In the static mode, increasing the level of market
penetration would only cause a larger number of Ali-
Scout vehicles to be assigned on the same routes.
Since these routes are not computed based onrealis-
tic traffic conditions and because no re-routing is
possible, these vehicles end up creating congestion
on their routes.
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Under the dynamic mode with historical informa-
tion, the Ali-Scout routes are computed based on
experienced or expected traffic conditions. This
explains why the guided vehicles experience shorter
trip times relative to the static case. However,
increasing the level of market penetration does not
seem to bring a significant benefit to these vehicles.
This is mainly due to the fact that the system is not
responsive to prevailing traffic conditions. When
real-time information is introduced, the average trip
time of Ali-Scout vehicles is significantly reduced.

This reduction amounts to about 25% relative to the
historical case, for the levels of 10% and 15%. Over-
all, it seems that the best configuration of the system
is attained under the dynamic mode with real-time
information, and when the fraction of equipped vehi-
cles is around 15%.
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Figure 6-6: Average Trip Time of Ali-Scout Vehicles Traveling on I-75 (no- incident case)
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6.2.2 System Perforamnce

The system MOEs address the impacts of Ali-
Scout on the operationa efficiency of the vehicles
and the system infrastructure. They include the fol-
lowing:

. Systemtravel time
« Vehicle Miles Traveled (VMT)

These MOES can be used to assess some economical
and socia implications of using such a route guid-
ance system. For example, a decrease in system
travel time has the potential benefit of decreasing
stress and fatigue among travelers, thus increasing
productivity as well as safety. The system travel time
is defined as the total link travel time over all vehi-
cles. The difference between travel time and trip
timeisthat the former does not account for queuing
(or stop) time, whereas the latter does. The VMT is
the total distance traveled by all vehicles. In what
follows, wefocus on the market penetration analysis
when Ah-Scout is under the dynamic mode with his-
torical information.

Table 6-5 reports system MOEs, in the case where
Ah-Scout is dynamic using historical information.
Figure 6-7 and Figure 6-8 depict the variation of the
system-wide travel time and VMT with the level of
market penetration, respectively. For each MOE dis-
played, both the incident and the no-incident cases
are considered. After reaching a minimum when the
percentage of guided vehicles is between 10% and
15%, the system travel time and VMT exhibit an
increasing trend, for both the incident and the no-
incident cases. Consistent with the individual perfor-
mance analysis, the system performance worsens
relative to the baseline when the level of market pen-
etration reaches 20%. Under the no-incident case,
the system mohility is dightly better compared to the
incident case, when the level of market penetration is
between 10% and 15%.

Table 6-5: System MOEs under Dynamic-Historical A&Scout

Market Penetration 0% 1% 5% 10% 15% 20%
System Travel Time (1000 veh-hrs)
No Incident 264. 3 266. 6 267.7 262.0 262.0 272.2
Inciden t 265 4 267 7 264, 3 263, .2 264, 3 272 2
VMT (1000 veh-miles)
No incident 10141 10277 10277 10141 10073 10277
Inciden t 10209 10277 10209 10141 10209 10141
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7. Conclusion

The simulation framework adopted in this evalu-
ation effort provides many insights on the potential
of the Ah-Scout system to improve traffic conditions
in a congested urban network. It also sheds some
light on the effectiveness of the various modes of
system operations. The results highlight the com-
pl exity of theeffect of Ah-Scout on system perfor-
mance. Three major factors determine the
effectiveness of this guidance system: (1) the beacon
coverage; (2) the accuracy of link travel times and
(3) the level of market penetration.

Simulation results have illustrated that the effect of
Ah-Scout is margina when the performance of the
whole network is evaluated. In this case, the overal
benefit of Ah-Scout, in terms of trip time savings, is
only around 2% relative to the basdline. This benefit
is achieved when Ah-Scout is operating under the
dynamic mode, and for both incident and no-inci-
dent scenarios. Thisis not surprising given the bea
con area does not cover the entire simulation
network, many Ah-Scout vehicles end up traveling
under the autonomous mode for a considerable por-
tion of their trip. The effectiveness of Ah-Scout is
significant when the analysis focuses on selected
areas with areasonable beacon coverage. Consider-
ing only the area around the 1-75 freeway the benefit
accruing to both guided and unguided vehicles
amountsto 30% in trip time savings.

Although the results show some variability across
the scenarios, the general conclusion is that the sys-
tem shows atrend of increasing benefits up to a cer-
tain level of market penetration (15% in this case).
Beyond thislevel, the system effectiveness tends to
decrease. This implies that the availability of route
guidance information may not automatically lead to
improvements in traffic conditions. The present low
level of market penetration in Oakland County
should not be considered a problem. However, if Ali-
Scout were to be adopted by moredrivers, or should
asimilar centralized route guidance system catch on
with the consumers, then this could become a rea
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limit to individual and collective benefits of route
guidance. It is also likely to diminish the market

appeal.

We have observed that the reason for the diminish-
ing margina benefit in the ssimulation is that the
equipped vehicles are taking the same routes and
causing their own congestion. In other words, during
the update period, vehicles with similar destinations
passing by a beacon receive the same route. As the
number of equipped vehicles increases, the number
of vehicles taking this same route increases, and
eventually they start slowing each other down. So it
seems that success breeds failure in this example.

However, with afew ssimple adjustments the above
problem can be nearly eliminated. One possible
solution is to increase the update frequency while
increasing the accuracy of the travel time database.
This would be possible as the communication and
computational technologies improve. Part of increas-
ing the accuracy would be to update the historical
database to take into account the future impacts of
recently routed vehicles. The result should be
improved routing for each vehicle that passes by a
beacon and less beacon originated congestion.
Another solution is to implement multi-path routing
adjusted to the congestion effects of the routed vehi-
cles. Other techniques may be used, but this problem
must be addressed if centralized route guidanceisto
get beyond the 20% level of market penetration.

It is important to note that there are at least two types
of benefits originating from the probing of real-time
link travel timesin Ah-Scout. Thefirst type of bene-
fit isasource of datafor generating an empirically-
based historical travel time profile. The second type
of benefit is the use of the real-time data as a supple-
ment to the historical database. Probe reports of
divergent link travel times are combined with the
historical link travel times so that drivers can
respond to changes in traffic flow as they travel.

At low levels of market penetration, there may not
be enough probe reports to make a sufficiently rapid
impact on the link travel time database. The solu-
tions are conceptually simple, but they may not be
practical in a centralized route guidance system.
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Again, increasing the update frequency of the travel
time database is one possible solution. A difference
of five minutes can mean alot in responding to an
incident in rea time. Another solution is to speed up
the response through improvements in surveillance
and the synthesis of multiple surveillance sources. In
the simulation, we modeled direct incident reporting
through, for example, cellular calling. If similar
types of incident reports can be used in generating
guidance information, then the system will be able to
quickly respond to the incidents.

Most of the results in the report have been docu-
mented as quantitative improvements in average
travel times. It is important to recognize the variabil-
ity of travel times, which may influence perceptions
of benefits. An important distinction should be made
between individual driver commute times and aver-
age system commute times. For the driver, the aver-
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age improvement may not be as relevant as the
single major incident that was avoided, or even the
prospect of avoiding the incident. Many of the com-
mercia airlines recognized the influence of percep-
tions and revamped their schedules with longer
average trip times but better on-time performance.
The one bad experience at the airport or waiting for
an incident to clear can have devastating impacts
from the perspective of theindividual consumer. On
the other hand, the mounting delay at an incident,
and the ability to respond quickly are important fac-
tors at the traffic operations center. As a conse-
guence, the average travel time benefits may be
viewed as highly significant from a system perspec-
tive and may be the most valued aspect of route
guidance in responding to an incident. These differ-
ences need to be factored in when considering the
results produced in this simulation study.
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Appendix

Report On Ali-Scout Simulation Runs At Various Levels Of Market Penetration
FAST-TRAC - Phase 1B

FAST-TRAC
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AS Route Computation

As Market Penetration

None
0%

System-Wide MOEs

Incident I\
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average StdDev  Count Type Time (min) Count Distance (mi)  Speed (mph)
1-696 Background 28.60 680595 14.90 31.26
Background 35.33 21.44 2560 Ali-Scout
Ali-Scout 0.00 0.00 0.00 All 28.60 680595 14.90 31.26
All 35.33 21.44 2560
I-75
Background 45.07 23.21 2327
Ali-Scout 0.00 0.00 0.00
All 45.07 23.21 2327
Rochester
Background 48.96 25.60 4686
Ali-Scout 0.00 0.00 0.00
All 48.96 25.60 4686
AS Route Computation
As Market Penetration
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average StdDev  Count Type Time (min) Count Distance (mi)  Speed (mph)
1-696 Background 28.90 680595 15.00 31.14
Background 36.41 21.80 2560 Ali-Scout
Ali-Scout 0.00 0.00 0.00 All 28.90 680595 15.00 31.14
All 36.41 21.80 2560
I-75
Background 57.23 32.18 2327
Ali-Scout 0.00 0.00 0.00
All 57.23 32.18 2327
Rochester
Background 48.99 24.66 4688
Ali-Scout 0.00 0.00 0.00
All 48.99 24.66 4688




AS Route Computation

As Market Penetration

Static
1%

incident [8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 29.12 674325 15.09 31.10
Background 33.72| 20.85 2454 Ali-Scout 28.40 6270 14.80 31.27
Ali-Scout 32.29| 15.42 31 All 29.10 680595 15.10 31.13
All 33.70{ 20.79 2485
I-75
Background 44.45] 23.29 2286
Ali-Scout 38.09| 17.97 41
All 44.34| 23.22 2327
Rochester
Background 45.09] 21.68 3909
Ali-Scout 45.98| 18.77 27
All 45.09| 21.67 3936
AS Route Computation BEUS
As Market Penetration
incident N
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.82 674325 14.83 30.87
Background 34.10{ 20.92 2454 Ali-Scout 28.400 6270 14.70 31.06
Ali-Scout 32.57| 15.85 31 All 28.80 680595 14.80 30.83
All 34.08| 20.87 2485
I-75
Background 57.26 32.20 2286
Ali-Scout 47.49| 22.87 41
All 57.09| 32.09 2327
Rochester
Background 45.62| 23.18 3909
Ali-Scout 45.65| 19.51 27
All 45.62| 23.16 3936




Static
5%

AS Route Computation

As Market Penetration

incident [8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.33 651808 14.83 31.41
Background 34.22| 21.39 2362 Ali-Scout 27.90 28787 14.60 31.40
Ali-Scout 36.08| 19.29 174 All 28.30 680595 14.80 31.38
All 34.35| 21.26 2536
I-75
Background 44.46| 23.14 2133
Ali-Scout 43.62| 23.34 188
All 44.39| 23.16 2321
Rochester
Background 48.04| 25.76 4262
Ali-Scout 49.73| 20.63 224
All 48.13| 25.53 4486
AS Route Computation BEUS
As Market Penetration
incident [T
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.76 651808 14.93 31.15
Background 34.79| 21.46 2362 Ali-Scout 28.00 28787 14.70 31.50
Ali-Scout 37.72| 20.33 174 All 28.70 680595 15.00 31.36
All 35.00{ 21.40 2536
I-75
Background 57.42 32.09 2133
Ali-Scout 54.70| 29.61 188
All 57.20{ 31.91 2321
Rochester
Background 4798 25.43 4263
Ali-Scout 49.39| 20.22 224
All 48.05| 25.19 4487




AS Route Computation BIEUM
As Market Penetration FIQZ

System-Wide MOEs

Incident I\
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average StdDev  Count Type Time (min) Count Distance (mi)  Speed (mph)
1-696 Background 29.11 619288 15.10 31.13
Background 34.47 21.39 2226 Ali-Scout 28.50 61307 14.80 31.16
Ali-Scout 35.99 19.69 385 All 29.00 680595 15.10 31.24
All 34.69 21.16 2611
I-75
Background 43.61 22.16 2081
Ali-Scout 44.47 23.33 368
All 43.74 22.34 2449
Rochester
Background 43.92 21.25 3246
Ali-Scout 45.25 19.90 409
All 44.07 21.11 3655
AS Route Computation EEUIe
As Market Penetration FIRQ)
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average StdDev  Count Type Time (min) Count Distance (mi) ~ Speed (mph)
1-696 Background 28.70 619288 14.87 31.08
Background 34.90 21.45 2226 Ali-Scout 28.50 61307 14.70 30.95
Ali-Scout 36.56 19.51 385 All 28.70 680595 14.80 30.94
All 35.14 21.19 2611
I-75
Background 57.36 31.62 2081
Ali-Scout 57.89 30.98 368
All 57.44 31.52 2449
Rochester
Background 44.57 22.80 3247
Ali-Scout 42.84 18.58 409
All 44.37 22.37 3656




Static
15%

AS Route Computation

As Market Penetration

incident [8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.58 596756 14.84 31.15
Background 34.22| 21.02 2028 Ali-Scout 28.50 83839 14.60 30.74
Ali-Scout 36.32| 19.44 517 All 28.60 680595 14.80 31.05
All 34.64| 20.72 2545
I-75
Background 46.08| 24.62 2003
Ali-Scout 46.47| 25.16 433
All 46.15| 24.72 2436
Rochester
Background 45.38| 22.61 3858
Ali-Scout 52.09| 21.88 593
All 46.27| 22.63 4451
AS Route Computation BEUS
As Market Penetration
incident [T
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 29.15 596756 15.07 31.02
Background 34.35| 21.10 2028 Ali-Scout 28.90 83839 14.80 30.73
Ali-Scout 36.70| 19.76 517 All 29.10 680595 15.00 30.93
All 34.83| 20.85 2545
I-75
Background 60.24| 33.50 2003
Ali-Scout 59.91| 33.24 433
All 60.18| 33.45 2436
Rochester
Background 45.78| 22.71 3858
Ali-Scout 48.76| 21.04 593
All 46.17| 22.52 4451




AS Route Computation SEUlY
As Market Penetration P4

incident [8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.60 559233 14.84 31.13
Background 35.34| 21.73 2001 Ali-Scout 28.90 121362 14.60 30.31
Ali-Scout 35.99| 19.16 717 All 28.60 680595 14.80 31.05
All 35.51| 21.09 2718
I-75
Background 43.50| 23.42 1850
Ali-Scout 46.97| 27.63 594
All 44.35| 24.56 2444
Rochester
Background 42.73| 21.27 3094
Ali-Scout 42.77| 18.66 705
All 42.74| 20.81 3799
AS Route Computation G
As Market Penetration P{e8%)
incident [T
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.89 559233 14.98 31.10
Background 35.54| 21.82 2001 Ali-Scout 29.40 121362 14.70 30.00
Ali-Scout 36.08| 19.27 717 All 29.00 680595 14.90 30.83
All 35.69| 21.18 2718
I-75
Background 56.65[ 32.91 1850
Ali-Scout 62.91| 39.10 594
All 58.17| 34.62 2444
Rochester
Background 44.29 21.73 3094
Ali-Scout 43.80| 19.62 706
All 44.20| 21.35 3800




AS Route Computation |[giite]gle£:
As Market Penetration KR

incident [8
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 29.22 674325 15.09 30.99
Background 34.62 21.30 2580 Ali-Scout 28.00 6270 15.20 32.57
Ali-Scout 35.26 24.26 27 All 29.20 680595 15.10 31.03
All 34.62 21.33 2607
I-75
Background 44.71 22.20 2459
Ali-Scout 36.72 16.68 30
All 44.62 22.15 2489
Rochester
Background 44.26 21.56 4150
Ali-Scout 40.96 17.81 26
All 44.24 21.54 4176
AS Route Computation |[glSe]glef:
As Market Penetration
incident [T
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 29.22 674325 15.09 30.99
Background 34.95 21.44 2580 Ali-Scout 28.00 6270 15.10 32.36
Ali-Scout 34.93 24.85 27 All 29.20 680595 15.10 31.03
All 34.95 21.48 2607
I-75
Background 56.85 30.07 2459
Ali-Scout 43.52 23.06 30
All 56.69 30.03 2489
Rochester
Background 44.42 21.99 4150
Ali-Scout 40.97 21.03 26
All 44.40 21.99 4176




As Market Penetration

AS Route Computation |[giite]gle£:\
5%

incident [8
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 29.23 651808 15.10 30.99
Background 34.80 21.52 2351 Ali-Scout 27.60 28787 15.00 32.61
Ali-Scout 36.35 21.42 125 All 29.20 680595 15.10 31.03
All 34.88 21.52 2476
I-75
Background 42.55 22.71 2242
Ali-Scout 37.63 17.66 116
All 42.31 22.51 2358
Rochester
Background 45.96 23.61 4111
Ali-Scout 35.65 18.90 128
All 45.65 23.55 4239
AS Route Computation |[gliSe]glef:
As Market Penetration
incident N
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.70 651808 14.93 31.22
Background 34.94 21.71 2351 Ali-Scout 27.20 28787 14.90 32.87
Ali-Scout 36.40 21.72 125 All 28.60 680595 15.00 31.47
All 35.01 21.71 2476
I-75
Background 54.31 32.08 2242
Ali-Scout 43.53 21.19 116
All 53.78 31.72 2358
Rochester
Background 44.77 23.34 4111
Ali-Scout 35.50 16.94 128
All 44.49 23.23 4239




AS Route Computation |[giite]gle£:
As Market Penetration EKEA!

incident [8
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.27 619288 14.87 31.56
Background 35.35 21.15 2318 Ali-Scout 27.30 61307 14.90 32.75
Ali-Scout 36.01 21.12 270 All 28.20 680595 14.90 31.70
All 35.42 21.15 2588
I-75
Background 40.55 22.40 1968
Ali-Scout 39.97 21.84 240
All 40.49 22.34 2208
Rochester
Background 46.07 22.68 4010
Ali-Scout 44.53 20.71 407
All 45.92 22.51 4417
AS Route Computation |gl(e]gle:\
As Market Penetration
incident N
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.44 619288 14.87 31.37
Background 35.63 21.42 2318 Ali-Scout 27.50 61307 14.90 32.51
Ali-Scout 36.26 21.36 270 All 28.40 680595 14.90 31.48
All 35.70 21.41 2588
I-75
Background 52.01 29.13 1968
Ali-Scout 46.03 24.91 240
All 51.36 28.76 2208
Rochester
Background 45.12 22.70 4010
Ali-Scout 44.63 22.76 407
All 45.07 22.70 4417




AS Route Computation |[giite]glef:
As Market Penetration KR4

Incident [\ System-Wide MOEs

Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 24.91 596756 13.04 31.40
Background 34.94 21.17 2252 Ali-Scout 27.50 83839 14.90 32.51
Ali-Scout 35.72 21.69 385 All 28.30 680595 14.80 31.38
All 35.05 21.25 2637
I-75
Background 39.94 20.59 1912
Ali-Scout 39.18 20.71 280
All 39.85 20.60 2192
Rochester
Background 44.40 22.20 3761
Ali-Scout 41.36 22.59 418
All 44.10 22.26 4179

AS Route Computation [gliSteIlef:1

As Market Penetration

incident N
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.61 596756 14.97 31.39
Background 35.11 21.41 2252 Ali-Scout 27.70 83839 15.00 32.49
Ali-Scout 35.65 21.71 385 All 28.50 680595 15.00 31.58
All 35.19 21.45 2637
I-75
Background 51.12 28.18 1912
Ali-Scout 46.30 25.61 280
All 50.51 27.91 2192
Rochester
Background 46.06 24.59 3762
Ali-Scout 40.81 22.73 418
All 45.53 24.46 4180




AS Route Computation
As Market Penetration pAGZ

Historical

Incident X8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.98 559233 15.00 31.06
Background 33.73 20.39 2280 Ali-Scout 30.30 121362 14.60 28.91
Ali-Scout 18.73 24.78 30 All 29.20 680595 14.90 30.62
All 33.54 20.52 2310
I-75
Background 39.21 21.38 1989
Ali-Scout 98.59 53.46 84
All 41.62 26.30 2073
Rochester
Background 48.64 25.23 4160
Ali-Scout 53.61 37.58 113
All 48.78 25.64 4273
AS Route Computation IgIEjfe]qlef:
As Market Penetration pAe
Incident NS
Incident Area & Travel Time (min) Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.81 559233 14.90 31.03
Background 33.96 20.52 2280 Ali-Scout 30.10 121362 14.50 28.90
Ali-Scout 28.84 44.40 32 All 29.10 680595 14.80 30.52
All 33.89 21.05 2312
I-75
Background 50.68 29.21 1989
Ali-Scout 97.64 66.86 52
All 51.87 31.62 2041
Rochester
Background 48.62 25.77 4160
Ali-Scout 52.90 35.04 113
All 48.74 26.07 4273




AS Route Computation

As Market Penetration

1%

Hist/Real

Incident X8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 29.05 674325 15.09 31.17
Background 31.79 16.84 1217 Ali-Scout 37.30 6270 20.70 33.30
Ali-Scout 35.07 35.23 5 All 29.10 680595 15.10 31.13
All 31.81 16.96 1222
I-75
Background 32.91 16.33 846
Ali-Scout 146.27 33.38 5
All 33.58 18.62 851
Rochester
Background 38.91 21.64 1111
Ali-Scout 115.51 56.20 12
All 39.73 23.65 1123
AS Route Computation [gIEVIREE]
As Market Penetration
Incident NS
Incident Area & Travel Time (min) Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.62 674325 14.76 30.94
Background 31.81 16.86 1217 Ali-Scout 27.20 6270 14.80 32.65
Ali-Scout 23.40 9.72 6 All 28.60 680595 14.80 31.05
All 31.76 16.84 1223
I-75
Background 41.57 22.43 846
Ali-Scout 49.08 27.45 5
All 41.61 22.47 851
Rochester
Background 39.80 22.82 1111
Ali-Scout 43.99 23.90 17
All 39.86 22.84 1128




AS Route Computation

As Market Penetration

5%

Hist/Real

Incident X8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.63 651808 14.83 31.09
Background 31.82 16.89 1204 Ali-Scout 29.30 28787 15.30 31.33
Ali-Scout 35.25 17.61 35 All 28.70 680595 14.80 30.94
All 31.92 16.92 1239
I-75
Background 34.40 17.50 821
Ali-Scout 41.64 21.20 59
All 34.89 17.86 880
Rochester
Background 38.39 21.89 1083
Ali-Scout 46.46 25.64 68
All 38.87 22.21 1151
AS Route Computation [glEVIREE]
As Market Penetration
Incident NS
Incident Area & Travel Time (min) Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 29.19 651808 15.10 31.03
Background 31.76 17.07 1204 Ali-Scout 27.80 28787 15.10 32.59
Ali-Scout 30.35 14.57 35 All 29.10 680595 15.10 31.13
All 31.72 17.00 1239
I-75
Background 41.07 22.22 821
Ali-Scout 37.42 18.45 59
All 40.83 22.01 880
Rochester
Background 40.87 24.57 1083
Ali-Scout 42.44 26.95 68
All 40.96 24.72 1151




AS Route Computation

As Market Penetration

10%

Hist/Real

Incident X8
Incident Area & Travel Time (min) Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.87 619288 15.10 31.38
Background 32.08 16.69 1174 Ali-Scout 28.50 61307 15.20 32.00
Ali-Scout 31.38 16.91 102 All 28.90 680595 15.10 31.35
All 32.02 16.70 1276
I-75
Background 33.51 15.96 754
Ali-Scout 33.35 17.56 79
All 33.49 16.12 833
Rochester
Background 38.28 20.97 1094
Ali-Scout 38.34 22.45 121
All 38.29 21.12 1215
AS Route Computation [glEVIREE]
As Market Penetration
Incident NS
Incident Area & Travel Time (min) Vehicle Travel Vehicle Average Average
Vehicle Type Average Std Dev Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.64 619288 14.87 31.15
Background 32.71 17.56 1174 Ali-Scout 27.40 61307 14.90 32.63
Ali-Scout 30.80 16.53 102 All 28.50 680595 14.90 31.37
All 32.55 17.48 1276
I-75
Background 40.12 21.91 754
Ali-Scout 34.66 19.32 79
All 39.60 21.73 833
Rochester
Background 39.03 21.96 1095
Ali-Scout 35.79 20.25 121
All 38.71 21.82 1216




AS Route Computation |gl¥sGEL
As Market Penetration KR4

incident [8
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.92 596756 15.11 31.34
Background 31.37 16.34 1054 Ali-Scout 28.30 83839 15.10 32.01
Ali-Scout 33.26 18.62 168 All 28.90 680595 15.10 31.35
All 31.63 16.68 1222
I-75
Background 32.33 15.61 771
Ali-Scout 33.30 17.47 129
All 32.47 15.89 900
Rochester
Background 38.66 21.53 1088
Ali-Scout 35.57 19.92 127
All 38.33 21.39 1215
AS Route Computation |gl¥sEEl
As Market Penetration KRsJZ!
incident [Y8
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.38 596756 14.87 31.44
Background 32.05 16.92 1054 Ali-Scout 27.30 83839 14.90 32.75
Ali-Scout 32.77 18.03 168 All 28.20 680595 14.90 31.70
All 32.15 17.08 1222
I-75
Background 40.31 21.81 771
Ali-Scout 35.17 18.35 129
All 39.57 21.42 900
Rochester
Background 38.70 22.36 1088
Ali-Scout 34.94 21.02 127
All 38.31 22.26 1215




AS Route Computation |glS¥sGEL
As Market Penetration P{R4!

incident [8
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.91 559233 14.98 31.08
Background 32.17 17.02 1025 Ali-Scout 35.30 121362 19.00 32.29
Ali-Scout 57.45 50.83 172 All 30.10 680595 15.70 31.30
All 35.80 26.42 1197
I-75
Background 33.13 15.50 721
Ali-Scout 62.61 38.84 203
All 39.61 25.84 924
Rochester
Background 38.15 21.40 1002
Ali-Scout 56.44 34.31 257
All 41.88 25.67 1259
AS Route Computation |glJ¥sGEl
As Market Penetration P{e8%)
incident [Y8
Incident Area & Travel Time (min)  Vehicle Vehicle Travel Vehicle Average Average
Vehicle Type  Average StdDev Count Type Time (min) Count Distance (mi) Speed (mph)
1-696 Background 28.85 559233 14.88 30.94
Background 32.23 17.06 1025 Ali-Scout 35.20 121362 18.80 32.05
Ali-Scout 57.34 44.32 169 All 30.00 680595 15.60 31.20
All 35.78 24.59 1194
I-75
Background 42.76 22.07 721
Ali-Scout 67.91 44.51 198
All 48.18 30.26 919
Rochester
Background 39.31 22.54 1003
Ali-Scout 56.86 39.94 242
All 42.72 27.70 1245
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